The effect of ascorbic acid on the rheological properties of wheat fermented dough from forty three wheat flour samples, represented two groups of flours, characterised (according to the ash content, protein content and Zeleny sedimentation value) the main Czech flour type has been studied. Standard analytical parameters (ash and protein contents, wet gluten, falling number, Zeleny sedimentation value), rheological investigation (maturograph, oven rise recorder), and laboratory baking test were used for the characterisation of flours and doughs. It was stated that the influence of the ascorbic acid addition on the fermented dough behaviour depends on the flour composition particularly in the proofing stage. Oven rise characteristics of dough and specific bread volume revealed smaller changes without significant differences between flours with lower (up to 0.6%) and higher (up to 0.7%) ash contents. An important correlation (r = 0.51-0.68) significant at 0.01 level has been found between specific bread volume and final rise of dough.
The redox potential of a system, such as dough, is established by substances that possess oxidising and reducing properties. Practical experience has shown that for the best baking performance a definite optimum degree of oxidation exists for every flour. Since this optimum potential is seldom encountered naturally, certain oxidising agents are commonly used both in the mill and in the bakery to improve the baking quality of flours.
In countries where the law permits it, the treatment of flour with minute amounts of oxidising agents is an established practise. The effect of oxidising compounds is twofold: flour improvement and bleaching. Flour improvement refers to the changes in the rheological properties of the dough. Flour bleaching is due to the destruction of its yellow pigments, and it results in whiter flour and bread.
Oxidation generally affects the farinogram or mixogram of wheat flour only slightly (P������� 1971) . Its effect can be clearly demonstrated by extension tests (measured by the extensigraph or the alveograph). An increase in the resistance and a decrease in the extensibility of flour-water dough depends on the type, the amount of the agent, and the reaction time. These phenomena are correlated with a decrease in the thiol content (M�������� & H����� 1959) .
According to the Czech Food Law No. 110/97 and its declaration No. 298/97 the flour treatment may be performed with ascorbic acid (AsA) declared as E 300. AsA, although being itself a reducing agent, can exert an oxidising effect on the dough properties after its oxidation by atmospheric oxygen. The oxidation product, dehydro-�-ascorbic acid (DHA), can oxidise glutathione under the influence of a specific enzyme. The determination of thiol groups in the dough supports the conclusion that AsA is effective only if oxygen is present and its effect in the resting fermenting dough is greatly reduced by the presence of yeast which makes the conditions more anaerobic. K������� and M�������� (1963) and M�������� and H�����(1959) showed that AsA is oxidised rapidly to DHA during dough mixing, and that flour contains a dehydroascorbic acid reductase which is active at pH about 6.0. DHA was reduced rapidly in the dough to which glutathione was added (C����� & P��� 1965) . The improving action of AsA, which belongs to the intermediate reaction rate oxidants, is due to the oxidation of SH groups in dough by DHA (P���� 1988) . S����� and T����� (2000) described the influence of redox reactions involving AsA during dough mixing and resting. The addition of AsA showed a significant weakening effect on the gluten washed out from the dough immediately after mixing, thus suggesting a predominantly reducing effect. After resting, AsA had a marked strengthening effect on the gluten network caused by an increase of the cross-linking of its proteins. The oxidising effect takes place predominantly during dough resting. According to N������� and K����� (1997) , the improving mechanism of AsA on the rheological properties of flour-water dough was mostly due to the development of its electron-donating capacity and reactive products such as O 2 -. Flour is immune to over-treatment with AsA, the effects of the treatment at the level of 30 to 70 ppm being nearly constant. At the level of 70 to 100 ppm, AsA promotes a good development of dough at the conventional mixing speed and improves the bread quality by the production of a greater oven spring that results in finer crumb grain and a larger loaf volume. In the case of the mechanical dough development system, 75 ppm AsA is regularly used. An advantage of AsA is that excessive levels are not deleterious in dough (up 200 ppm), perhaps because the amount of oxygen necessary for its action is limiting. When too much AsA is added, the doughs resist deformation during moulding and may break open during proofing because of the lack of extensibility. Bread made from such dough has a small loaf volume with a rough crust. Its crumb exhibits many ruptured cells and may have large holes.
As interesting feature of AsA is that its use requires an intermediate proof during bread-making. D� R����� (1968) showed that the best bread volume is obtained with 40 ppm addition and 10-min proof time. According to P������ and N������ (1996) AsA addition increased optimal proofing time and produced gas volume in wheat fermented dough. T������ (1972) , using AsA (labelled with a 14 C isotope) at a level of 75 ppm based on flour, demonstrated that there is practically no loss of it during dough mixing and fermentation but all the loss takes place upon baking. Of the total AsA added, 27-31% was converted into CO 2 that was released during baking, and the remainder appeared as the water-soluble �-threonic acid.
The objective of this study was to describe the improving effect of AsA on the rheological properties of full dough system during proofing, the oven spring and the baking process.
MATERIALS AND METHODS
Forty three samples of wheat flour divided into two groups according to the ash contents were taken from commercial mills in the course of five months (harvest 2001). The first set contained twenty flour samples with maximum ash content of 0.60% and the second set with maximum ash content of 0.70%. The effect of ascorbic acid was evaluated by the addition of 10 ppm. related to the flour weight.
The analytical flour quality was determined according to the Czech standard methods (ash content, wet gluten, protein content -ČSN 56 0512, Falling Number -ČSN ISO 3093, Zeleny value -ČSN ISO 5529).
The rheological properties of flour were evaluated by means of maturograph (Brabender, Germany) and oven rise recorder (Brabender, Germany) according to the producer recommendations.
The baking test was performed according to the Czech method and the protocol used was: flour 100%, compressed yeast 4%, salt 1.7%, sugar 1.5%, fat 1%, and water as necessary for the optimal consistency of 600 BU. The dough from 300 g of flour was prepared in farinograph (Brabender, Germany). Dough dividing and roll shaping were made by hand and after the standard proofing time the pieces of dough were baked at 240°C for 14 min. Bread volume was determined after two hours of cooling by means of rape seeds.
The parameters of wheat flour quality and the results of maturograph, oven rise recorder, and the baking test evaluation for each set without and with fortification with AsA are presented as average, minimum, and maximum values. The relation between the rheological parameters of dough (according to maturograph and oven rise recorder results) and the results of the baking test was evaluated using correlation analysis.
RESULT AND DISCUSSION
Flour quality parameters determined by standard methods are given in Table 1 . Analytical characteristics of both sample sets are very similar except for the ash content and Zeleny sedimentation value, which can differentiate both flour sets significantly. For the production of rolls and buns, flours with a lower ash content (Czech name "bright sort") and a higher protein quality are usually used while for the bread products flours with a higher ash content (Czech name "semi-bright sort") are more suitable. The average values of the flour analyti- cal parameters were typical for the Czech wheat production environment (protein 10.3-13.1%, FN 246-415s, Zeleny value 32-44 ml). The flour samples tested appeared, according to these characteristics, to be suitable for the standard manufacture of yeast-leavened dough in the industrial bakery but the specific bread volume and the shape ratio (Table 4) were found to be only up to the average.
Oxidising agents such as AsA can improve both the dough technological characteristics and the final products. The maturograph records the fermentation behaviour of dough during the proofing time by means of a sensing probe which touches the dough surface. With the help of an additional loading on this probe which occurs periodically, the elasticity of the fermented dough is recorded. This cycle is repeated every 2 min and the typical zigzag form of the maturogram is produced. The curve rises until maximum dough maturity is reached and it drops thereafter. This action is recorded in maturograph units (MU) on the strip-chart. The evaluation of maturograms which expresses the dough behaviour without and with AsA addition during the proof period is given in Table 2 . The proofing time (expresses the optimum time for reaching the maximum volume of the end product) was found in a similar range for both sets (range 34-46 min and 32-46 min); after the AsA addition, longer time is needed for flours with lower ash contents. Differences between the individual flours of both sets are shown in Figure 1 . The dough level, describing the dough resistance against mechanical stress during proofing, is slightly higher in the case of flours with lower ash contents and with AsA fortification it steps up more significantly (84 MU against 62 MU). The dough firmness (expressed as elasticity) of fermented dough was similar in both sets of flour and was increased by the AsA addition in same range (approximately about 5%). The proofing stability which reflects the time tolerance of optimal proofing so as to ensure the highest volume of the final product is changed in same range (2-8 min). The increase by AsA is more significant in dough samples with a very low value of the proofing stability (from 2 to 4 min). The oven rise recorder describes the changes in the volume of dough (at the point of maximum maturity) during baking in the oil bath. Due to the exact heat transfer, the temperature and the dough volume can be determined at any point of the process. The volume of dough increases with the oil temperature (from 30° to 100°C) and the piece ascends in the bath. The action is recorded in oven rise units (OU) on the strip-chart. The evaluation of the oven rise diagrams of the dough without and with AsA addition is shown in Table 3 . The dough volume, which is indicated by the volume of the dough at the start of the baking period, was found to be similar in both sets of samples. After AsA addition, the dough volume changed in a wider range for flours with higher ash contents (260-450 OU against 270-420 OU). The baking volume (indicates the final volume of the baked goods) and its changes after the AsA addition are slightly higher in flour samples with higher ash contents. The effect of AsA is evident only in samples with small original volumes (increase about 10%). From these results it is apparent that the oven rise (the difference between the final bread and the dough volume) is lower in the set with higher ash contents but after the AsA addition the average value is comparable in both sets of flours. The final rise (represents the volume of the baked product after 11 min from the test beginning) describes the shrinkage of the volume mostly by the AsA action (about 6%). As a result, nearly the same specific bread volumes were obtained by the laboratory baking test (Table 4) in both sets of flours (average 333 or 328 ml per 100 g of flour). In the case of the AsA addition, only an insignificant average volume increase was found (about 1%) but for the individual samples both an increase and a decrease were found (Figure 2 ). The bread shape ratio steps up approximately by 5% in both sets. As it is known, the influence of AsA was assessed as more important for flours with lower ash contents suitable for small bread products.
The correlation between the fermented dough characteristics as evaluated by the maturograph and the oven rise recorder, and the bread characteristics as evaluated by the laboratory baking test (Table 5 ) depends on the flour quality. In both sets of flour, a significant correlation between the specific bread volume and the final rise of dough was found as mentioned by D� R����� (1968) . The relationship between the baking volume and the final rise determined by the oven rise recorder was evident, but their relation to the maturograph parameters was highly influenced by both the ash 
Conclusion
The technological quality of two sets of white wheat flour samples with different protein quality described explicitly by Zeleny sedimentation value and ash contents was described by means of rheological methods (using the maturograph and the oven rise recorder) including a laboratory baking test. The influence of a small amount of ascorbic acid on optimal proofing time was significant -the increase was about 13% for flours with lower ash contents and about 5% for samples with higher ash contents. Dough stability was prolonged mostly in samples with very short initial values. Dough behaviour during oil baking in the oven rise tests was affected by the addition AsA at a low level, similarly as the specific bread volume in the baking test; important differences, however, were found between the individual flour samples. Bread shape ratio stepped of significantly by the AsA fortification. Significant correlation was obtained between the rheological parameters and the baking test results.
